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ABSTRACT 



A digital to analogue converter includes at least one capaci- 
tor for storing an analogue output voltage resulting from the 
digital to analogue conversion. The converter further 
includes an output switch arrangement coupling the at least 
one capacitor to an output of the converter. The output 
switch arrangement is operated a plurality of times for each 
digital to analogue conversion, so that the analogue output 
voltage is switched to the output of the converter a plurality 
of times for each digital to analogue conversion. Each 
switching operation reduces the influence of an output load 
capacitance on the output signal. As a result smaller com- 
ponents can be used in the converter to achieve a given 
output signal resolution. 

21 Claims, 3 Drawing Sheets 



16 

\ DATA 
PREPARE 



12 



LATCH 



Vl tj* V2| V3| V4| vsy 



VOLTAGE SCALING 



V|— 33a 33b U-Vh 



-34 



32 
32 

32 



-17 



-4— 



30 



40 

—44 / 



I 10 



.42 



32C 



I16C 



8C 



!4C 



36 X 
20 ^ 



Cc 



02/06/2002, EAST Version: 1.02.0008 



U.S. Patent Jan. 2, 2001 Sheet 1 of 3 



US 6,169,508 Bl 



CD 



5 



co O O O ^ 

« HHMHMHMHMhf HH 



CD 



ai 



ai 



ai 



ai 



8 



4 



02/06/2002, EAST Version: 1.02.0008 



U.S. Patent Jan. 2, 2001 Sheet 2 of 3 



US 6,169,508 Bl 




CM 
CD 



02/06/2002, EAST Version: 1.02.0008 



U.S. Patent Jan. 2, 2001 Sheet 3 of 3 



US 6,169,508 Bl 



94 









f 


\ 

\f 96 



100 

J- U 



92 



I 



T 

84 



T 
84 



> i 



86- 



7 84 



90 



-98 



86-1 1 1 



4 



82' L J 



FIG. 3 



02/06/2002, EAST Version: 1.02.0008 



US 6,169,508 Bl 
1 2 

DIGITAL TO ANALOGUE CONVERTER AND being connected together to a common line, the level of an 

METHOD OF OPERATING THE SAME input bit determining the voltage across the associated 

capacitor and thereby the charge stored thereon. 

BACKGROUND OF THE INVENTION In m1hct type of chargc redistribution converter, the 

This invention relates to digital-to-analogue (D/A) 5 digital in P ut com P rises * plurality of serial input bits, and the 

converters, and in particular to D/A converters in which an ca pacitor network then comprises two equal-valued capaci- 

analogue output voltage resulting from the digital to ana- lors Wlth first switchin g me ans enabling one of the capaci- 

logue conversion is stored on a capacitor or capacitors of the tors t0 be char S ed or discharged depending upon the level of 

converter. Various types of D/A converter store the analogue the incomin g in P ut bit, and second switching means 

output voltage on an output capacitor 10 enablin S the charges stored on the two capacitors to be 

For example, U.S. Pat. No. 5,332,997 discloses a D/A ™ c mventio " ma * be applied to this type of con- 
converter using a binary weighted capacitor network. This ™ * Se " al ^ red * trit — *chmque. 
type of converter relies upon redistribution of charges stored 1116 inventlon can also be aPP 11 ^ to other types of 
within the capacitor network to arrive at an analogue voltage 15 converler > provided the analogue voltage is stored on a 
across the capacitor network which is representative of the ca P ac \ tor or capacitors of the converter. In each case, the 
digital input signal. This output voltage is then supplied mventl0n avo ^ the need for an output amplifier to isolate 
through a buffer as the output of the D/A converter. the converler capacitors from the load, which would other- 

a „,:,u _ f + », | « *i_ j W ^ SC be required in order to prevent the load from affecting 

A problem with converters of the general type described the ac of the ^mcriton. * 
above, and present in the converter described in U.S. Pat. 20 ™ . . . , ,. . „ , , 
No. 5,332,997, is the need for an output buffer to isolate the . The inventlon «J«? P r ° vides a ^ crystal display corn- 
output signal stored on the capacitor (or capacitors) from the P nSmg an array ° f hqi " d P ixeIs addrcssed b > a row 
output load connected to the converter. Without this buffer, d " ver CircuU and a column circuit, the column 
the capacitance of the output load causes attenuation of the f ddressin S ™ cmi comprising a plurality of digital to ana- 
output signal If the capacitance of the output load 25 lo 6 ue converters of the invention. 

approaches that of the storage capacitors of the converter, . Additionally, the invention provides a method of operat- 
the analogue output voltage of the A/D converter is greatly in S a di S ital t0 analogue converter, the converter comprising 
affected. To reduce this problem, it is possible to increase the at least one capacitor for storing an analogue output voltage 
size of the storage capacitors in the converter, but this is resulting from the digital to analogue conversion, the con- 
undesirable from the point of view of layout and cost. 30 verter t further comprising an output switch arrangement 

coupling the at least one capacitor to an output of the 

SUMMARY OF THE INVENTION converter, the method comprising: 

.... (i) generating an analogue voltage across the at least one 

According to the present invention there is provided a capacitor depending upon the digital input signal and 

digital to analogue converter comprising at least one capaci- switching the analogue voltage to the output of the 

tor for storing an analogue output voltage resulting from the converter using the output switch arrangement; 

digital to analogue conversion, the converter further com- (H) isolating the output of the converter from the at least one 

prising an output switch arrangement coupling the at least capacitor using the output switch arrangement; and 

one capacitor to an output of the converter, means being (iii) repeating at least once steps (i) and (ii) for each digital 

provided for operating the output switch arrangement a t0 analogue signal conversion, 
plurality of times for each digital to analogue conversion, the 

analogue output voltage thereby being switched to the BRIEF DESCRIPTION OF THE DRAWINGS 

output of the converter a plurality of times for each digital The invention will now be described by way of example, 

to analogue conversion. with reference to, and as shown in the accompanying 

The converter of the invention switches the analogue 45 drawings, in which: 

signal to the output of the converter a plurality of times for FIG. 1 shows a digital to analogue converter of the 

each digital to analogue conversion, and this has the effect invention using a binary weighted capacitor network; 

of progressively reducing the level of degradation of the Fia 2 shows a digital to analogue converter relying upon 

output voltage caused by the load capacitance connected to serial charge redistribution; and 

h^l'nr^J 1 hh hUS f°^fV° ° mit ! hC ^^r 1 50 FIG - 3 sh °ws a display addressed using digital to ana- 

S ™ thG ° UtpUt ,° f he C t 0n h Ve ' ™ ef Vf T lo 6 ue converters of the Mention. g 9 
a direct connection of the output switch arrangement to the 

converter output, meaning the absence of a buffer amplifier DESCRIPTION OF THE PREFERRED 

therebetween. EMBODIMENTS 

The converter may comprise a capacitor network, charges 55 FIG. 1 shows a digital to analogue converter 10 including 

stored within the capacitor network representing a digital a binary weighted capacitor network 20, a network 30 of 

input signal. The analogue output voltage of the converter coupling switching devices 32 and an output switch arrange- 

may then result from distribution of charges stored on the ment 40. 

capacitors to produce an output voltage across the capacitor The converter 10 receives a plurality of digital inputs 12 

network. The invention is thus applicable to charge redis- 60 in parallel form from a data preparation circuit 14 which 

tribution converters. / may itself have a serial data input 16 as shown in FIG. 1. In 

In one type of charge redistribution converter, the digital one possible use of the converter of the invention, the data 

input comprises a plurality of parallel input bits, and the preparation circuit 14 and the digital to analogue converter 

capacitor network comprises a binary weighted capacitor 10 together comprise a column driver for a liquid crystal 

network, input bits being supplied through an associated 65 display. 

coupling switch to one terminal of an associated capacitor of The data inputs 12 are supplied to a latch 16 which is 

the capacitor network, the other terminals of the capacitors triggered by a control line 17 to accept data from the inputs 
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12 at a specified time. The inputs 12 may form a bus V. The voltage scaling circuit 34 then provides on the lines 

supplying data to a plurality of D/A converters, and the Vh and VI the following possible combinations: 0 V and 5 

control line 17 may be connected to a clocking signal. The V, 5 V and 9 V, 9 V and 12.5 V, 12.5 V and 15 V. 

latch provides output signals which are suitable for the During a capacitor charging stage, the charging switches 

remainder of the converter circuit. These outputs are then 5 36 are each closed so that the output voltages from the 

supplied to the network 30 of coupling switching devices 32. network 30 of switching devices are each supplied to a 

In the example shown in FIG. 1, an eight bit digital to respective capacitor C, 2C, 4C, 8C, 16C, 32C of the binary 

analogue converter is shown, but only the six least signifi- weighed capacitor network 20. Each capacitor is thereby 

cant bits of the digital signal are supplied to the switching charged to a potential corresponding to one or the other of 

network30. The two most significant bits 12a, 12b are JQ the control line voltages Vh, VI. Once this charging has 

supplied to a voltage scaling circuit 34. The voltage scaling taken place, the total charge stored in the capacitor network 

circuit 34 enables the digital to analogue conversion to be 20 is representative of the digital input signal. The coupling 

made non-linear, which may have advantages for the switches 36 are then opened by the control line 44 and the 

addressing of liquid crystal display pixels, for example. output switches 42 are closed. Thus, all capacitors are 

The voltage scaling circuit 34 receives five voltage inputs 15 connected in parallel and charge redistribution takes place so 

VI to V5, and a pair of these voltage levels Vh, VI is that a commoQ voltage is defined across the capacitor 

supplied to the switching network 30 depending upon the network. This common voltage is determined from the total 

digital levels of the two most significant bits 12a, Ub of the charge stored Wlthin the network 20 of capacitors, and 

digital input signal. Each switching device 32 couples a thereby re P resents the di & ital in P ut si S nal - 

respective output of the switching network 30 to one or other on J n the absen cf of any load connected to the output 50 of 

of the voltage lines Vh, VI supplied by the voltage scaling the converter *<>> the resulting voltage across the capacitor 

circuit 34. network would provide a direct representation of the digital 

a u • i-i^ t t. L - i • « • input signal. This analogue signal is conventionally supplied 

As shown in FIG. 1, each switching device 32 comprises t0 the output of lhe th h aQ ^ 

a pair of series connected switches 33a, 33b coupled amplifier required in order to prevent me load from affecting 

between the two voltage lines Vh, VI, with the output of the 25 the accuracy of the conversion 

switching device 32 connected to the point of connection of However, it is desirable to avoid the need for an output 

the two switches 33a, 33b. The operation of the two switches amplifier in order to reduce the complexity of the converter 

33a, 33b is complementary so that the output is connected circuit 10. If the output amplifier is omitted, the analogue 

to one or the other of the voltage lines Vh, VI. Each output output voltage is degraded by the capacitance of the output 

from the switching network 30 is supplied through a respec- 30 bad because additional charge sharing takes place. If the 

tive charging switch 36 to a first terminal of an associated converter 10 is to be used in a column driver circuit of a 

capacitor C, 2C, 4C, 8C, 16C, 32C of the binary weighted liquid crystal display panel, the output load comprises a 

capacitor network 20. The second terminal of each capacitor column of pixels of the array. In this case, the capacitance of 

is connected to ground. The first terminal of each capacitor the load C c can not accurately be measured, and varies 

is also connected through an associated output switch 42 to 35 between columns of the array due to imperfections in the 

the output 50 of the converter 10. The output switches 42 processing technology. Consequently, the affect of the 

and the charging switches 36 are operated simultaneously, capacitance C c can not accurately be determined in order to 

and in complementary manner The output 50 of the con- enable reliable interpretation of the output voltage. The 

verter 10 is connected to the load which has been repre- effect of the output capacitance becomes more pronounced 

sented in FIG. 1 as a capacitor C c representing the column 40 the greater the value of the load capacitance C c , and in 

capacitance of a liquid crystal display panel. particular the relative magnitude of the load capacitance C c 

The timing of signals provided to the output 50 of the with respect to the capacitors in the binary weighted capaci- 

converter 10 depends upon the operation of the output tor network 20 is critical. One possible way to reduce the 

switches 42 which is governed by a control line 44. In affect of the output capacitance C c is to use larger capacitors 

practice, the control line represents a clock signal which is 45 in the network 20, but with a consequent increase in cost and 

synchronised with the timing of the row addressing circuit of size of the converter circuit 10, 

the liquid crystal display and with the control fine 17 of the In the converter 10 of the invention, the control line 44 is 

latch 16. pulsed a plurality of times for each digital to analogue 

The operation of the circuit shown in FIG. 1 will now be conversion. Thus, after the first charge redistribution within 

described. The data entered into the latch is fed through the 50 the capacitor network as described above, the output 

latch 16 into the network 30 of coupling switching devices switches 42 are re -opened and the charging switches 36 

32 and the voltage scaling circuit 34. Each digital data line re-closed. This has the effect of isolating the output, thereby 

is supplied to an associated switching device 32 as the holding the output voltage on the output, and restoring the 

switching control signal for the two complementary charges on the capacitors in the network 20, so that once 

switches 33a, 33b. For example, if the digital input to a 55 again each capacitor is charged to the voltage of one or other 

switching device 32 is a logical high, then one switch, for of the control lines Vh, VI. After a sufficient time has elapsed 

example 336, will close and the other 33a will open. As a for charging or discharging of the capacitors in the binary 

result, the voltage on the line Vh will be supplied as the weighted capacitor network 20, the control line 44 is again 

output of the switching device 32. Conversely, if the input to pulsed to close the output switches 42 and re-open the 

a switching device 32 is low, the switch 32a will close and 60 charging switches 36. Charge sharing thus takes place again 

consequently the voltage on the line VI will be supplied as between the capacitors in the network 20 and the output 

the output of the switching device 32. Thus, each switching capacitance C c , and as a result of the charge already stored 

device 32 transfers the voltage from one or the other of the on the output capacitance C c , the error in the analogue 

two control lines Vh, VI to the output. As described above, output voltage is reduced. This operation is repeated a 
the voltages on the two control lines are dependent upon the 65 selected number of times and the error in the output voltage 

two most significant bits supplied from the latch 16. As one is reduced as the output voltage iteratively approaches the 

example, V,=0 V, V 2 =5 V, V 3 =9 V, V 4 «12.5 V and V 5 =15 correct level. 



02/06/2002, EAST Version: 1.02.0008 



US 6,169,508 Bl 

5 6 

The number of cycles of the converter 10 required for digital input signal 63. During a charging period switch SI 
each digital to analogue conversion dictates the frequency of is closed and switch S2 is open, and as a result capacitor CI 
the control signal on the control line 44. The number of charges (or is discharged) to one of the two voltage levels, 

cycles required will be selected according to the required y s or ground. In a subsequent charge sharing mode the 
accuracy of the output voltage level The number of cycles 5 charge st0 red on capacitor CI is shared between capacitors 

required will also depend upon the relative value of the C1 and a b closi swi(ch s2 and { ^ ^ gl 

maximum capacitance of the load C c and the values of the _ . . 

capacitors in the binary weighted network 20. The required Subsequently, switch SI is re-closed and switch S2 is 
error in the output voltage will normally be less than half of re-opened for admission of the next bit of the serial data 

the voltage corresponding to the least significant bit of the in P ut - Capacitor CI is then again charged or discharged 

digital signal. 10 according to the input signal, and once again charge sharing 

In the converter of the invention, the switches may be takes place between capacitors CI and C2. This procedure is 

arranged as MOS transistors and may each, for example, repeated for all serial data bits and, in known manner, the 

comprise a PMOS, and an NMOS transistor connected in resulting charge after the final sharing operation provides an 

parallel having complementary gate control signals. The analogue representation of the serial digital input signal. In 

invention may be applied as a modification to existing 15 accordance with the invention, this analogue output voltage 

designs of digital to analogue converters by introducing an is then switched by means of the output switch 68 to the 

additional output switch arrangement. This then enables the output 50 of the converter, and this results in charge sharing 

size of the capacitors used in the previous circuit design to between the capacitors CI, C2 and the output capacitance 

be reduced by a factor depending upon the number of cycles C c . In the same way as for the circuit of FIG. 1, the output 

introduced for each digital to analogue conversion. 20 sw itch 68 is then opened to isolate the output, and the 

In the example described above, the charges stored on the procedure is repeated. This requires the capacitor C2 to be 

selected capacitors of the weighted network are shared discharged by closing switch S3 and the store 62 is com- 

between all capacitors of the network to obtain the analogue manded by the control 70 using repeat control line 67 to 

output voltage. However, in a different arrangement of the retransmit the serial data input. Again, the number of times 

binary weighted capacitor network an additional output is this procedure is repeated will dictate the error on the 

capacitor is provided which is initially charged to a prede- anal om , voU si , and is in ^ d d _ 

hv V H, h gC V ? T Clt ° r •? the f in 8 u P° n the relative values of the output capacitance C c and 

reduced by charge sharing with only selected capacitors of ^ , 4 . ./ * * <?, 

the weighted nettork to obtain the analogue output voltage. the ca P acitors C1 > C2 of the ca P ac * tor netw °* 66. 

The output voltage can again be supplied through an output 30 possible circuit constructions for the latches and data 

switch arrangement to the output of the converter in order to stores referred to above will be evident to those skilled in the 

enable operation in accordance with the invention. arl » and are not described in detail. Typically, the latches 

FIG. 2 shows a digital to analogue converter 10 according comprise bistable switching devices (such as flip-flops). The 

to the invention and relying upon serial charge redistribu- capacitor networks, in which charge sharing takes place, 

tion. A serial input 16 is supplied to a latch 60 which again 35 mav aIso have s P ed fic configurations other than those 

is triggered by a control line 61 to receive data from a data shown m the fi S ures - 

bus carrying the serial data to the input 16. The latch The invention may equally be applied to other digital to 
provides an output having appropriate signal characteristics analogue converter arrangements, in which the analogue 
for the remainder of the converter circuitry. The latched output is held on an output capacitor of the converter. For 
signal is supplied to a store 62, for reasons explained in the 40 example, one known D/A converter to which the invention 
following. The output 63 of the store 62 is supplied to a mav be applied comprises a binary weighted network of 
coupling switch 64 which provides two possible output current sources, each coupled through an associated switch 
voltage levels, depending upon the digital value of the signal t0 a shared storage capacitor. Each bit of the digital input 
63. In the example shown, the output of the switch 64 can signal is associated with one of the switches, and the digital 
be the supply voltage V s or ground. The capacitor network 45 t0 analogue conversion involves closing selected switches 
66 comprises two parallel capacitors CI, C2 connected f° r a *i xeci time duration, so that the current sources either 
together by a switch S2. The input to the first capacitor CI contribute a known quantity of charge to, or are isolated 
is also by means of a switch SI which is operated with a from » tne storage capacitor. The resulting charge stored on 
complementary signal to the switch S2. A further switch S3 l °e capacitor is then representative of the digital input, 
connects the second capacitor C2 to ground potential to 50 The invention thus has general applicability to a wide 
enable discharging of that capacitor. The output of the range of known digital to analogue converters, and it will be 
switching network 66 is supplied to the output 50 of the . evident to those skilled in the art to which existing arrange- 
converter 10 through an output switch 68. Again, the output ments the invention may be applied, 
is assumed to be connected to a capacitive load C c . The FIG. 3 shows a liquid crystal display which can be 
timing of the operation of the switches SI, S2, S3 and 68 is 55 addressed using a column addressing circuit having digital 
under the control of a control unit 70 which can also instruct to analogue converters of the invention. The liquid crystal 
the store 62 to repeat the serial data for a particular digital device comprises a display panel having a row and column 
to analogue conversion, using a repeat control line 67. array of liquid crystal picture elements 80 defining a display 
The operation of the circuit shown in FIG. 2 will now be area 82, The picture elements 80 include capacitive display 
described. While the input data is being latched into the D/A 60 elements comprising spaced electrodes carried respectively 
converter, in conventional manner, and being stored in the on the opposing surfaces of two spaced glass substrates with 
store 62, the data can pass to the remainder of the circuit of TN liquid crystal material disposed therebetween, 
digital to analogue conversion. The conversion may take The picture elements 80 of the array are addressed via sets 
place while data is .being received serially, or after reception 0 f row and column address conductors 84 and 86, each 
of the complete digital word. 65 picture element being located adjacent a respective inter- 
As stated above, the output of the coupling switch 64 has section of the row and column conductors. Each row of 
two possible voltage levels depending upon the level of the picture elements is connected to a respective row conductor 
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84 and all picture elements in the same column are con- 4. A digital to analogue converter as claimed in claim 3 

nected to a respective column conductor 86. wherein the first and second switching means are operated in 

The array is driven by peripheral drive means including a a complementary manner, and 

row driver circuit 90 which scans Che row of picture ele- the out , switch is closed „ , he end f dj ;ta , tQ 

^H^-^V a°° (S - ^ ,0 , ea H b JT 5 conversion and remains open during the 

conductor in turn. The row driver circuit 90 is controlled by . ° , • • , e , , * , \ 

timing signals provided along a bus 92 from a timing and - charge sharing period of the first and second capacitors, 

control circuit 94 to which a digital video signal is supplied K 5 ' A dlgUal 10 an alogue converter as claimed in claim 1 

from a video signal processing circuit 96. wher f in Mld a ! least one capacitor is part of a binary 

Tlie peripheral circuitry further includes a column drive 10 CapaC T nCtW ° rk ™}™t ^ % T*\ * 

circuit 98 to which the video information signal is supplied capacitor network represent a digital input signal, and means 

by the circuit 94 along a bus 100. The column drive circuit Providing a direct connection between the capacitor network 

operates to apply to the set of column conductors analogue and the 0Ut P ut of the converter. 

signals in parallel for each row of display pixels in turn. The 6 - ^ dl S 1 . tal l .° analogue converter as claimed in claim 5 

column drive circuit 98 may comprise, for each column, a wherein said direct connection means includes said output 

digital to analogue converter as described previously. The 15 switch arrangement. 

data is supplied in serial form along the bus 100, and the 7 - A digital to analogue converter as claimed in claim 1 

latches 16 or 60 of each D/A converter are operated in turn wherein said at least one capacitor is part of a binary 

to store the correct signal from the bus 100. Once the data weighted capacitor network wherein charges stored within 

signals for each column have been stored in latches of the tne capacitor network represent a digital input signal, an 

D/A converters, the switching operations for the D/A con- 20 analogue output voltage of the converter resulting from 

version are performed simultaneously. distribution of charges stored on the capacitors to produce an 

The column drive circuit may additionally comprise an 0Ut P ut voltage across the capacitor network, 

analogue multiplexer, so that the serial digital data from the 8 - A digital to analogue converter as claimed in claim 7 

bus 100 is converted to analogue form by a reduced number further comprising a network of capacitor charge switches 

of D/A converters of the invention. The multiplexer stores 25 coupled to the capacitor network, 

the analogue signals and is then controlled to apply the a network of coupling switches coupling the network of 

appropriate analogue signals to the column conductors. This capacitor charge switches to a network of digital input 

arrangement would conventionally require a buffer amplifier lines, and 

for transferring the analogue output of the D/A converter ^ means for simultaneously operating the capacitor charge 

into the multiplexer circuit, but the use of D/A converters of switches and the output switch arrangement in a 

the invention avoids the need for such amplifiers. complementary manner. 

The data bus 100 may comprise three serial data streams, 9. A digital to analogue converter as claimed in claim 7 

for conveying red, green and blue video data, and in this case wherein outputs of the output switch arrangement are 

the data from the three data streams can be latched simul- 35 coupled to a common line to provide said distribution of 

taneously into groups of three D/A converters. The address- charges of the capacitor network when the output switch 

ing techniques for a colour liquid crystal display are well arrangement is closed, 

known to those skilled in the art, and will not be described 10. A digital to analogue converter as claimed in claim 7 

in detail. further comprising: 

What is claimed is: 4Q a ne twork of coupling switches selectively coupling the 

1. A digital to analogue converter comprising: at least one capacitor network to a first voltage line and to a second 
capacitor for storing an analogue output voltage resulting voltage line, wherein 

from a digital to analogue conversion, an output switch . r ' , . . f . 4 , 

~ * r ( l « i . . . each coupling switch comprises a pair of switches oper- 

arrangement coupling the at least one capacitor to an output . , , • , , 

~f tvZ f *u * * u ated in a complementary manner in response to digital 

of the converter, means for operating the output switch 45 • t s j oa j s 

arrangement a plurality of times for each digital to analogue ha j- -^w^ i , i ^ * i • n 

i ♦ * u *u u u • 11. A digital to analogue converter as claimed in claim 7 

conversion, the analogue output voltage thereby being fi, r( u™',; , i r e *- ^ ^'. c 

«„»t rt u^ t l * e *u . i r. * further comprising a control line for operating a plurality of 

switched to the output of the converter a plurality of times ^t^u^ n c tU t , ... . *j . i v 

f~ „„«k a „ * n i i ■ switches of the output switch arrangement, said control line 

for each digital to analogue conversion. . • i m j i f# - c uj- i 

. A ? , , , 6 , . . being pulsed a plurality of times for each digital to analogue 

2. A digital to analogue converter as claimed m claim 1 5Q ^^5^ 

wherein said at least one capacitor is part of a capacitor u fo coayerter claimed {n ^ n 

network comprising first and second capacitors, the digital wherein ^ f - f ^ 

on the control 

to analogue converter further comprising: ,. . , , . , . , . , r 

_ 0 . , . . . & hne is determined by the desired accuracy of the correspon- 

first switching means for selectively coupling the first dence of the analogue output voltage to the digital { x 

capacitor to a source of voltage by which the first 55 signaI t0 be converted 

capacitor is charged or discharged as a function of an 13 A digital t0 analogue mwttttT as daimed m claim h 

input digital signal, and comprising a capacitor network, charges stored within the 

second switching means for selectively coupling the sec- capacitor network representing a digital input signal, an 

ond capacitor to the first capacitor thereby to allow analogue output voltage of the converter resulting from 

charges stored on the first and second capacitors to be 60 distribution of charges stored on the capacitors to produce an 

shared. output voltage across the capacitor network. 

3. A digital to analogue converter as claimed in claim 2 14. A digital to analogue converter as claimed in claim 13, 
comprising: wherein the digital input comprises a plurality of parallel 

a further switch for selectively coupling the second input bits, and the capacitor network comprises a binary 

capacitor to a point of reference voltage, and 65 weighted capacitor network, input bits being supplied 

an output switch coupling the capacitor network to the through an associated coupling switch to one terminal of an 

output of the converter. associated capacitor of the capacitor network, the other 
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terminals of the capacitors being connected together to a 
common line, the level of an input bit determining the 
voltage across the associated capacitor and thereby the 
charge stored thereon. 

15. A digital to analogue converter as claimed in claim 14, 5 
wherein the coupling switch comprises a pair of switches 
operated using complementary command signals, one 
switch coupling an output of the coupling switch to a first 
voltage line and the other switch coupling the coupling 
switch output to a second voltage line. 10 

16. A digital to analogue converter as claimed in claim 15, 
wherein at least one of the input bits is supplied to a voltage 
scaling circuit which determines the voltages on the first and 
second voltage lines, the remainder of the input bits being 
supplied to the capacitor network. is 

17. Adigital to analogue converter as claimed in claim 13, 
wherein the digital input comprises a plurality of serial input 
bits, and the capacitor network comprises two equal-valued 
capacitors with first switching means enabling one of the 
capacitors to be charged or discharged depending upon the 20 
level of the incoming input bit, and second switching means 
enabling the charges stored on the two capacitors to be 
shared. 

18. Adigital to analogue converter as claimed in claim 17 
wherein the first and second switching means are operated in 25 
a complementary manner,-the digital to analogue converter 
further comprising an output switch coupling the capacitor 
network to the output of the converter. 

19. Adigital to analogue converter as claimed in claim 18 
further comprising a coupling switch for selectively cou- 
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pling said one capacitor to first and second voltage lines as 
determined by the incoming digital input bit. 

20. A liquid crystal display comprising an array of liquid 
crystal pixels addressed by a row driver circuit and a column 
addressing circuit, the column addressing circuit comprising 
a plurality of digital to analogue converters at least one of 
which comprises at least one capacitor for storing an ana- 
logue output voltage resulting from a digital to analogue 
conversion, an output switch arrangement coupling the at 
least one capacitor to an output of the converter, means for 
operating the output switch arrangement a plurality of times 
for each digital to analogue conversion, the analogue output 
voltage thereby being switched to the output of the converter 
a plurality of times for each digital to analogue conversion. 

21. A method of operating a digital to analogue converter, 
the converter comprising at least one capacitor for storing an 
analogue output voltage resulting from the digital to ana- 
logue conversion, the converter further comprising an output 
switch arrangement coupling the at least one capacitor to an 
output of the converter, the method comprising: 

(i) generating an analogue voltage across the at least one 
capacitor depending upon the digital input signal and 
switching the analogue voltage to the output of the 
converter using the output switch arrangement; 

(ii) isolating the output of the converter from the at least 
one capacitor using the output switch arrangement; and 

(iii) repeating at least once steps (i) and (ii) for each 
digital to analogue signal conversion. 

***** 
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